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L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt età la diffusion de documents scientifiques de niveau recherche, publiés ou non, emanant desétablissements d'enseignement et de recherche français ouétrangers, des laboratoires publics ou privés. Abstract. 2014 We show that the exact Bethe-Ansatz results for the spin and charge susceptibilities and the specific heat for the symmetric Anderson [8] [9] [10] [11] to solve the Anderson Hamiltonian by perturbation theory. They created the impression that «the ground state of the impurity is essentially non-perturbative » [7] and, moreover, that « the perturbation expansion by U can be considered to be an asymptotic one and not to be a correct approach to the solution of this Hamiltonian » [6] . Specifically, Wiegmann and Tsvelick [2] and Kawakami and Okiji [3] [4] [5] The coefficients Cn were obtained in a form which is inconvenient for the investigation of the convergence of the series. One was thus tempted to conclude that the power series in (2) represents the asymptotic expansion of the spin susceptibility for u -0 and that consequently it could never describe the Kondo behaviour (1) for u &#x3E; 1. We have shown [12] where and xgondo(u) is given by (1) . Strictly speaking, the integrals Ig(u) and Ic(u) are not defined for u = 0, but since they both have the same limiting value of 1 as u -0 +, we will dispense with treating the u = 0 case separately.
We mention in passing that the BA result for X'(u &#x3E; 0) can be transformed to assume the form (see Appendix) which makes it 6bvious that X'(u) assumes very quickly its universal form X'Kondo(u) as u increases above -1.
Indeed, evaluating the integral in (8) , which is equal to we find this relative difference diminishing from 7.21 % for u = 1 to 0.8 % for u = 2 and only 0.13 % for u = 3.
(See also the inset of Fig. 3 Thus, although it is neither evident nor easy to prove, the (n + I)-dimensional integrals for the perturbational coefficients must satisfy the recursion relation (38). This means that i) due to the high symmetry of the integrands, the (n + I)-dimensional integral for C. can be reduced to the linear combination of an n-dimensional and an (n -I)-dimensional integral of the same form, which is a highly unlikely thing to expect a priori, and ii) instead of the tedious calculation of the higher-order perturbational coefficients, one can generate them up to the arbitrary order simply by iteration. to illustrate two points : i) The inset shows that xs assumes its universal form xKondo very quickly as u increases above unity, indicating that the strongcorrelation (SC) region, where the behaviour of the system is governed by the scaling laws, appears already for u between 1 and 2, and not for u &#x3E; 1 (as one would expect from the Schrieffer-Wolf transformation). ii) On the other hand, the convergence of the perturbation expansion for xs is seen to be very quick as well, that is, for relatively large u with relatively small N. Specifically, the third order is quite satisfactory for u 1.5 and the fourth order for u is 2. (E.g. for u = 2 and N = 4 the relative error is 8.2 %). Put together, this shows that the low-order perturbative results for X's are able to describe correctly the transition from the weak-correlation (WC) to the SC regime, as well as to give a rather accurate account of the « lower edge » of the latter.
The same holds for the specific heat coefficient y', which is not shown here separately as it looks very much like figure 3 for X'. Instead, we present in figure 4 the BA and perturbative results for the Wilson ratio Rw X'ly'. The transition between its WC value of 1 and SC value of 2 is seen to take place at u N 1 and the SC value is almost fully reached for u N 2. As for the finite-order approximations, the tendency of Rw towards saturation is clearly seen even in the second-order approximation (although the exact saturation value remains a guess), while the inclusion of the fourth order enables also a quite reliable estimate of the saturation value. The sixth-order result is practically exact for u 2.5, which covers all the values of u that are relevant for the discussion of model properties.
Thus, as far as Xs, y and Rw are concerned, u ~ 2 represents a « practically infinite u » and nothing qualitatively new sets in if u is increased further. Due to this, as well as to the quick convergence of the perturbation expansions, the low-order perturbative results are seen to be able to reach the « lower edge » of the SC region, where the scaling laws (e.g. Eq. (1)) take over. And once this point has been attained, the scaling laws can be used to extrapolate the results to an arbitrary point in the SC region.
The determinantal perturbation theory has been used [13] [14] [15] the HF are dealt with as the perturbation [11] . It is a straightforward generalization of the original Yosida and Yamada's expansion for the symmetric case [8, 9] and, in contrast with the above-described q-expansion it is not an expansion with respect to asymmetry and is not confined to small asymmetries. For the groundstate quantities it gives the series of the form where x = x(u, n) is the solution of the HF selfconsistency equation x + u tan-1 x = ir nu [11] . In the symmetric case x(u, n = 0) = 0 and the coefficients Cn(x) reduce to symmetric Cn's, Cn(x = 0) = Cn, which guarantees the quick convergence of the series (47) in this special case. As the convergence is at least not spoiled, and in most cases even improved with the increase of asymmetry, such expansions enable the discussion of the model properties both in the Kondo and charge fluctuation regions [17] . Also, in its general formulation, this perturbation theory can be used to calculate the finite-energy properties (density of states) [11, 18] , inaccessible to the BA method, as well as the effects of finite magnetic fields [ 15] and temperatures.
Appendix. We rewrite xs(u &#x3E; 0), given by equation (16) (8) of X'(u &#x3E; 0).
